Conventional feedstuffs in Nigeria are expensive, which has led to the search for cheap and locally available unconventional feeding materials. This study was therefore conducted to determine the dietary effect of roasted pigeon pea meal (RPP) on the performance of rabbits. A total of forty weaner rabbits (20 male and 20 female) Dutch × Chinchilla rabbits with an average initial weight of 725 g and between 5 and 7 weeks old, were allocated into four dietary treatments. Each treatment had ten rabbits and five replicate per treatment in a completely randomized design. The process of roasting pigeon pea seeds took 3 to 5 minutes at approximately 80 o C. The roasted pigeon pea meal (RPP) was used in formulating the diets used for rabbits. Treatment 1 (control) was maize-soybean based diet with 0% RPP while the other treatments contained 10, 20 and 30% RPP in the diets respectively. Diets were formulated to be isonitrogenous and isocaloric. The experiment lasted for five weeks during which data were recorded for feed intake and body weight. The daily feed intake ranged from 42.26 to 57.60 g; daily weight gain, 12.27 to 15.70 g; feed conversion ratio, 3.41 to 4.67 and final live weight, 1284.00 to 1434.75 g. None of these performance parameters were significantly affected by dietary treatments. It was therefore concluded that roasted pigeon pea (RPP) can successfully be included up to 30% in the ration of rabbits without adversely affecting performance.
Introduction
The high cost of conventional protein feedstuff in developing countries as resulted in the search for cheaper and available alternative sources for livestock feed. There is a great possibility for the exploitation and utilization of non-conventional protein plant sources. Considerable efforts are being made to utilize more diverse local sources of feed ingredients, particularly protein materials, because in many developing countries there is heavy and increasing reliance on soybean meal, fishmeal and other conventional sources of protein for animal feeding (FAO, 2004) . Numerous species and varieties of plant proteins are yet to exploited or under-utilized for livestock nutrition. Some of these novel sources may have promising and desirable nutritive quality for future inclusion in animal diet. Future use of non-conventional feed ingredients in farm animal nutrition is a possibility if efficiently and properly exploited.
Legumes are important sources of protein and energy for farm animals. One of the under-utilize legumes of interest is the pigeon pea (Cajanus cajan). Pigeon pea is a useful feed source. Despite the large number of existing legume grains in Nigeria, only soybean, cotton seed cake and groundnut cake are mainly used in livestock feeding. Several other locally available species that exhibit remarkable adaptation to tropical conditions (for example bambara groundnut (Vigna subterranean (L.) Verdcourt), lima beans (Phaseolus lunatus L.), locust bean (Parkia species), African yam beans (Sphenostylis stenocarpa Hochst.), sunflower seed (Helianthus annuus L.), and pigeon pea (Cajanus cajan (L.) Millsp.) have been under-utilized and under-exploited for livestock feeding particularly in Nigeria (Apata & Ologhobo, 1994) . There is the tendency to underestimate the significance of the novel legumes that are under-exploited; this category of legumes is often classified as minor legumes, resulting from inadequate information on their nutritional qualities, uses, and cultivations. There is, therefore, the need for the exploitation of the full potential of these relatively neglected legumes for livestock feeding (Apata & Ologhobo, 1994) .
Essentially, pigeon pea is a hardy plant that has good adaptability to a wide range of soils, additionally, it is more drought and high temperature tolerant than most common plants (Lim, 2012) . This plant has a wide variation in duration taken to reach maturity. The variation in maturity has a great influence on the survival and fitness of the crop in different agro-ecological niches (Choudhary, 2011) . It is also a valuable plant commonly cultivated and used in Africa, India, Thailand, Latin America, and Caribbean countries (Upadhyaya, L. J. Reddy, Gowda, K. N. Reddy, & Singh, 2006; Choudhary, Sultana, Praptap, Nadarajan, & Jha, 2011) . Pigeon pea is a legume crop of interest to many researchers in several countries of the world for use as a source of livestock feed ingredient. The crude protein content of the seeds of pigeon pea is within the range of 18 to 25% (Salunkhe et al., 1986; Akande, Abubakar, Adegbola, Bogoro, & Doma, 2010) . It has also been reported to be a good source of carbohydrate, minerals and vitamins (Sinha, 1977; Odeny, 2007) .
The use of unconventional feedstuff for use in livestock ration has been of great interest to many researchers over several decades particularly in Nigeria were conventional feedstuffs are expensive. This has inevitably led to the search for locally available and affordable non-conventional feed ingredients. The sustainability of livestock production can be achieved by increasing the utilization of unconventional feedstuffs, thereby increasing the supply of available nutrients for livestock feeding. This will in essence consequently result in the increase in the animal protein intake of the Nigerian populace in general.
Some authors have suggested ways of increasing the low animal protein intake of Nigerians (Ademosun, 1976; Monsi, 2005) . Towards achieving this, accelerated production of small animals is being promoted. Rabbit production has for some time been encouraged in Nigeria as a means of improving the daily protein intake (Ekpenyong & Biobaku, 1986) . Increased rabbit production could bridge the protein supply-demand gap and it represents one of the most economical methods of generating high-quality animal protein within the shortest possible time due to their rapid growth rate (Oduguwa, 2006) .
One of the cheapest and most rapid supplier of meat, which has been neglected in Nigeria, is the rabbit (Adegbola & Akinwande, 1981) . Rabbit meat contains 21% protein, which is a higher value than for turkey (20.1%), chicken (20%), beef (16.3%), lamb (15.7%) and pork (11.9%) (Aduku & Olukosi, 1990) . Rabbits can easily utilize the protein available in high-cellulose plants, whereas it is not economical to feed these same feedstuffs to poultry, the only animal with higher energy and protein efficiencies. In an efficient production system, rabbits can turn 20 percentage of the protein they eat into edible meat. Comparable figures for other species are 22 to 23 percentage for broiler chickens, 16 to 18 percentage for pigs and 8 to 12 percentage for beef (Food and Agriculture Organization (FAO), 1997). Rabbit meat is a wholesome, tasty product compared to most other meats. It is high in protein but low in fat, cholesterol, sodium and caloric content. The meat is white, fine-grained, delicately flavoured, nutritious and appetizing (Cheeke et al., 1982) . Furthermore, it has been reported that the rabbit is suitable to raise for meat because of its high fecundity, prolificacy, short generation interval and high feed conversion ratio (De Blas & Garvey, 1975) .
There is dearth of information about the use of roasted pigeon pea as a protein source for feeding rabbits; hence the objective of the study was to evaluate the effects of increasing levels of roasted pigeon pea meal on the performance of weaner rabbits.
Materials and Methods

Animals and Research Design
Forty rabbits (20 male and 20 female) Dutch x Chinchilla rabbits with an average initial weight of 725 g and between five and seven weeks old, were used in the study. The rabbits were assigned into four dietary treatments, balancing for breed, sex and weight. Each treatment was replicated five times with each replicate having two rabbits. The experimental design was the completely randomized design. The experiment was carried out at the Rabbit Research House of the Abubakar Tafawa Balewa University, Bauchi. Bauchi town is located at latitude 13 o 30′N and longitude 11 o 50′E in the Northern Guinea and Sudan Savannah zones of Nigeria. The process of roasting pigeon pea seeds took 3 to 5 minutes at approximately 80 o C. The seeds were allowed to cool and then milled in a hammer mill.
Experimental Animals and Management
The experiment was conducted using weaner rabbits obtained from the National Veterinary Research Institute, Vom, Plateau State, Nigeria. Two weeks prior to the arrival of the rabbits, the rabbit house and the metabolic cages were thoroughly washed and disinfected. A week before the arrival of the experimental animals, the rabbit house was fumigated. All equipment including the drinkers and feeders were also thoroughly washed. All feeders and water troughs were tightly fitted to the cages, to prevent spillage and feed wastage.
On arrival, the rabbits were given vitalyte (multivitamin/antistress) for 5 days. The experimental animals were treated with Ivomectin to protect them against both ectoparasites and endoparasites. Animals were fed a pre-experimental diet for a period of seven days. Before the commencement of the experiment, the rabbits were weighed and allocated to the metabolic cages. Animals were provided with feed and water ad libitum. Animals were weighed on a weekly basis and feed intake was measured daily. Feed conversion ratio was calculated from the data obtained.
Feeding Trial
The roasted pigeon pea meal (RPP) was used in compounding the experimental diets as shown in Table 1 . Treatment 1 (control) was maize-soybean based diet with 0% RPP while the other treatments contained 10, 20 and 30% RPP in the diets respectively. Diets were formulated to be isonitrogenous and isocaloric. The rabbits were housed in a single tier rabbit cage. The feeding trial lasted for five weeks during which data were recorded for feed intake and body weight. Data obtained from performance parameters were subjected to the analysis of variance (Steel & Torrie, 1980) .
Results
The performance parameters of rabbits fed graded levels of roasted pigeon pea meal based diets are presented in Table 2 . Results on the daily feed intake showed that rabbits in the control group that received 0% dietary level of roasted pigeon pea meal (RPP) were not significantly different from those that received 10, 20 and 30% dietary levels of RPP. The daily feed intake values ranged from 42.26 g for rabbits on 30% RPP based diet to 57.60g for those on the 10% RPP based diet. There was no significant difference in the daily weight gain of rabbits. The daily weight gain (DWG) varied from 12.27 g for rabbits fed 30% RPP based diet to 15.70 g for those fed 10% RPP based diet. Feed conversion ratios (FCR) were in the range of 3.41 to 4.67 for rabbits on 30 and 20% dietary levels of RPP respectively, the values obtained for the diets were statistically similar. Results of the final live weights (FLW) as influenced by dietary levels of roasted pigeon pea meal (RPP) were in the range of 1284.00 g to 1434.75 g for rabbits on 30 and 10% pigeon pea meal based diets, respectively. The final live weight of rabbits exhibited no significant difference among the dietary treatments. Note. SEM = Standard error of mean; NS = Not significant.
Discussion
The benefits of the dietary inclusion of pigeon pea meal in livestock rations have been documented by several researchers. Studies conducted by Corriher et al. (2010) revealed that pigeon pea may be incorporated in diets of dairy cows by replacing corn and soybean meal without adverse effect on milk production, dry matter intake and ruminal environment. Akintunde, Omage, and Bawa (2013); Onu, Nwakpu, and Okongwu (2006); Amaefule and Obioha (2005) reported that pigeon pea can be utilized as an alternative feedstuff to conventional protein sources in diets for broilers. The results obtained from the research study carried out by Igene, Isika, Oboh, and Ekundayo (2012) showed that broiler chickens at both starter and finisher phases can be fed diets containing up to 40% pigeon pea meal substituting soybean meal without decreasing live weight gain. Oso et al. (2012) reported that dietary inclusion of up to 50 g/kg of pigeon pea meal could be used in the diet of cockerel chicks without imposing any threat on nutrient digestibility and growth response. Yisa, Yakubu, Edache, Danjuma & Deme (2013) fed heat-treated pigeon pea meal to Japanese quails (Cortunix conturnix japonica) and recommended 10% inclusion level for optimum performance. Iorgyer, Carew, and Ayoade (2008) reported that pigeon pea can be incorporated in diets of rabbits without any adverse effect on productive performance. Additionally, Akande and Adeleye (2013) encouraged the inclusion of pigeon pea meal in rabbit rations.
These findings are consistent with that of Ani and Okeke (2003) , who fed roasted pigeon pea meal to broilers and reported that there was a non-significant dietary treatment effect on the broilers. Amaefule and Nwaokoro (2002) also made a similar observation when they fed graded dietary levels of pigeon pea meal to weaner rabbits. Daily weight gain of rabbits fed graded levels of RPP showed no significant difference among dietary treatments. Daily weight gain (DWG) varied from 12.27 g for rabbits on 30% RPP based diet to 15.70 g for those on 10% RPP based diet. The result is similar to the range of 13.49−15.44 g reported by Iorgyer et al. (2008) . Feed conversion ratio (FCR) was in the range of 3.41 to 4.67 for rabbits fed 30 and 20% dietary inclusion levels of RPP respectively, and these values were not significantly different from each other. The final live weight of rabbits was not significantly affected by dietary treatments, this is in agreement with the findings of Amaefule and Nwaokoro (2002) , and Ani and Okeke (2003) . These researchers reported a non-significant dietary effect of pigeon pea seed meal on feed conversion ratio and final live weight of their experimental animals. These results are consistent with that of with the recent research report of Amaefule, Onuwuchuruba, and Okereke (2013) , these workers recorded successful inclusion of up to 30% pigeon pea seed meal in pullet rations. The results obtained in this study for daily feed intake (DFI), daily weight gain (DWG), feed conversion ratio (FCR) and final live weight (FLW) agree with the findings of Iheukwumere, Onyekwere, and Egu (2008) who reported that the DFI, DWG, FCR and FLW of rabbits fed diets containing heat processed pigeon pea meal were not significantly different from the control diet. Amaefule, Ihekwumere, and Nwaokoro (2005) also obtained a non-significant dietary treatment effect on all performance parameters measured when they fed varying levels of pigeon pea meal to rabbits. Likewise, Ani (2008) reported the inclusion of pigeon pea up to 30% in the diets of growing rabbits without deleterious effect on performance. The findings of this study however, contradicts that of Etuk, Udedibie, and Obikaonu (2002) who reported that there were significant differences in daily feed intake, daily weight gain, feed conversion ratio and final live weight of broiler finisher birds fed graded levels of pigeon pea meal. Ani and Okeke (2011) from the outcome of feeding pigeon pea meal to broiler chicken recommended the inclusion of roasted pigeon pea meal in broiler starter and finisher diets at 26% and 27% levels, respectively, with no deleterious effect on growth performance.
Conclusion
Sources of protein for animal feeds are many and varied, with considerable opportunities for further diversification and substitutions. More research is required on alternative sources before many of the opportunities can be exploited in practice (FAO, 2004) . The exploitation of a wide range of locally available unconventional tropical legumes for successful livestock feeding in sub-Saharan Africa in general and in Nigeria, in particular, is possible but there is the need for research to provide for more successful practical exploitation. There is considerable potential in the utilization of pigeon pea in practical rabbit feeding, from the research findings of this study. The results obtained from the experiment indicate that roasted pigeon pea meal (RPP) could be included up to 30% in the diets of rabbits without negatively influencing the performance of rabbits.
It is therefore, concluded from the results of this study that there is great potential and possibility of dietary inclusion of roasted pigeon pea meal an unconventional feed stuff in rabbit feed in the future, particularly in those countries where pigeon pea is locally available and affordable and where conventional feed ingredients are expensive. Greater utilization of unconventional locally available feed sources should be encouraged for resource-poor smallholder farmers for increasing animal production in Nigeria and other developing countries.
